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The literature on division in the family of the Euplotidie is surpris- 
ingly limited, considering its wide disiribution, the ease with which 
observations can be made upon several of the species, the interesting 
processes involved, and the number of competent naturalists who have 
made observations on the group. The only important paper dealing with 
this subject is the excellent article of Wallengren upon the processes of 
construction and resorption oceurring during division in the Hypotricha ; 
Euplotes harpa is the principal type.of this study. Wallengren then 
critically compares the accounts of Stein, Móbius, Maupa, and Schuberg 
concerning Euplotes charon, E. patella, and E. harpa. All of the 
accounts are very incomplete and, like that of Wallengren himself, 
are confined to the external changes. Wallengren has made a very care- 
ful study of the formation of the new perislome and of the origin of the 
new cirri during the division of Kuplotes harpa, and of the resorption 
of the old set of cirri which. are replaced by the new ones formed. 
Further reference will be made to this article as my description of the 
processes occurring in Huplotes worcesteri progresses, Unfortunately, 
I was not able to secure the original article of Wallengren until- after 
my paper was ready for the press; my observations upon the ovigin of the 
peristome were therefore entirely independent. Since reading Wallen- 
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gren’s paper I have added nothing to my own except the necessary 
critical comparisons ; the observations stand as originally made, 

It is evident that processes of divison must be much alike in all the 
species of the genus Euplotes, though such differences exist as to render a 
comparative study extremely interesting. In considering the process of 
division I have omitted all reference to the divisions of conjugation and 
to the construction and resorption of organs during that phase, because 
my study of conjugation in Euplotes worcesteri, so far very incomplete, 
has convinced me that these processes are quite different from the ones 
of ordinary division. It has proved easy to keep the strain alive in the 
laboratory for more than a year and a half, and to secure an abundance 
of material for study and preparation in every possible manner. The 
result has been not only to prove that the new peristome is actually 
formed by an invagination, but also to reveal other curious processes 
connected with division. After an intimate study of a protozoan like 
this, one can appreciate the full force and meaning of the statement that 
many of the protozoa are not simple, but extremely complex animals. 

The process of division of Huplotes worcesieri includes two stages, 
one of preparation, the other that of actual division of the body and mega- 
nucleus. During each stage a definite series of changes occurs in nearly 
every organ of the body. ‘Ihe stage of preparation for division includes 
the reconstruction and concentration of the meganucleus, the invagination 
of the rudiment of the new peristome, the division of the micronucleus, 
and the appearance of the new cirri. That of division includes the 
constriction of the body and separation of its halves, the drawing of 
the new peristome to the surface of the body and into its final shape and 
position, completion of the new pharynx, division of the meganucleus, 
absorption of the old cirri, and the shifting of ihe new cirri from the 
places of their origins 10 their ultimate positions. 


RECONSTRUCTION OF THE MEGANUCLEUS. 


By this is meant that a progressive change occurs in which all the 
chromatin of the meganucleus is actually dissolved and then recon- 
structed. 'The first stage of this process is the appearance at cach end of 
the cord-shaped meganucleus of a band in which there is a complete 
absence of the ordinary chromatin reticulum. It will be convenient to 
refer to these as the reconstruction bands. They pass rapidly from the 
ends of the nucleus toward the center, finally meeting, and then disap- 
pearing. (Plates 1V, V, and VI, figures 1, 2, 3, 4, 8, 10, 13, 14, 18, 20.) 
Each band consists of two planes of about equal thickness, the one on- 
the central side staining darkly and uniformly, while the other is not 
stained and consequently shows distinctly. No traces of a reticulum 
or of chromatin granules can be seen in the first plane; but the uniform 
stain which this region takes indicates that the chromatin has here been 
dissolved in the karyolymph; therefore, I call this the solution plane. 
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lt appears to consist of a homogeneous fluid, no structure of any kind 
being visible; but it is probable that a linin network still exists there, 
masked by the stain. 

I have given the name reconstruction plane to the clear distal plane. 
It follows the solution plane abruptly, without any noticeable transition 
region between the stained and clear zones. In many cases no structure 
whatever is visible with a magnification of 1,600 diameters in the central 
side of the reconstruction plane. On the distal side, fine fibrils of chro- 
matin appear which are connected with the reticulum of the distal part 
of the nucleus. These inerease in thickness and number very abruptly, 
making thus a quite definite distal limit to the plane. It is evident that, 
while reconstruction of the chromatin commences in the region I have 
termed the reconstruction plane, it is not limited to this, but proceeds 
most actively in the region just distal to it, where {he chromatin fibers are 
so suddenly thickened. ‘The anterior portion of the plane is in fact the 
yegion where solution has been completed and chromatin (in a stainable 

` form) has entirely disappeared, while in the posterior part of the zone 
chromatin is appearing. l 
- Although I have failed many times to see any structures in the central 
tide of the reconstruction planes, on other occasions I have observed a 
reticulum of extremely fine, delicately staining fibrils occupying all 
parts of the plane. These seem to be true linin fibrils, for it is at their 
nodes that the granules of chromatin first appear, and the chromatin 
reticulum appears to be built upon them. I believe that the linin net- 
work, even though often invisible, is always present in all parts of the 
reconstruction band. 

The staining power of the reconstructed chromatin is considerably 
greater than that of the portion not yet altered. In judging the depth 
of stain, care must be taken to allow for the concentration of the nucleus 
which follows soon after the reconstruction bands pass. However, it is 
true that in nuclei in which concentration seems not to have begun the 
new chromatin stains much more vividly than the old. It frequently 
forms numerous masses of quite large size at the nodes of the reticulum, 
although just as often the chromatin knots are not present. 

The margin of the undissolved (central) reticulum is usually abrupt. 
It often appears as in Plate IV, figure 6, closed across the face of the 
solution plane. On the other hand, Plate V, figure 12, shows a nucleus 
in which the chromatin has evidently begun to dissolve a little distance 
in front of the dark solution plane. 

_ The planes of solution and reconstruction are of nearly equal thickness, 
their combined thickness being about the same as the width of the 
nucleus. f . 

The two reconstruetion bands pass toward the center of the mega- 
nucleus at equal rates until they finally meet. (Plate V, figure 14; Plate 
VI, figures 18, 20.) The two solution planes then unite, and presently 


318 GRIFFIN. 


disappear in the usual manner, leaving the reconstruction planes joined ; 
the new chromatin reticula advance toward the center from both sides, 
unite, and leave no trace of the plane of junction. x 

A division of the chromatin substance by one, two, or three planes is 
not an uncommon character of the meganuclei of the Infusoria. Bütschli 
mentions the presence of “Kernspalten” in Euplotes, Aspidisea, Dysteria, 
Nassula, Strombidium, Spirochona, and Stylonychia, and in the families 
Chlamydodonta, Molophryina, Trachelina, and Tintinnoina. The re- 
construction bands of Euplotes were long ago observed by Stein, (1859), 
but they do not scem to have received any attention from other authors. 

The clefts (Kernspalien) in the meganuclei of Stylonychia have been 
the classical examples of this kind of structure, all other similar ap- 
pearances apparently having been interpreted as being the same. Judging 
from the account given by Bütschli, the Aernspalten of Stylonychia are 
structures entirely different from the reconstruction bands of Euplotes. 
They appear in the nuclei of Stylonychia shortly after division, disap- 
pearing as the next division begins, and usually lie a little in front of the 
middle of the anterior nucleus and behind the middle of the posterior one. 
If we agree that the two meganuelei of Stylonychia, represent not separate 
bodies, but a stage of precocious division of a single meganucleus, the 
position of the “Kernspalten” reminds us of the appearance of the 
reconstruction bands of Euplotes first at the opposite ends of the nucleus. 
Beyond this, there is no apparent resemblance either in structure or 
history. I do not know of any work on the “Kernspalten” of other in- 
fusoria sufficiently detailed to permit a comparison to be drawn with the 
reconstruction bands of Euplotes. ; 

Balbiani, in 1895, suggested that the unstained substance in the 
“Kernspalten” of Stylonychia may be composed of a mass of achromatic 
material, or archoplasm. No substantiation of this suggestion has yet 
appeared, nor do the observations of nuclear division in Stylonychia in- 
dicate that the “Kernspalten” exercise any directive influence upon the 
process. 

Whether the reconstruction bands of Euplotes are of the same nature 
as the “Kernspallen” of Stylonychia or not, it is certain that they are not 
composed of archoplasmie substance, but are regions where a. solution, 
change, and reconstruction of the chromatin occurs, The elimination of 
superfluous chromatin from the nucleus has been observed to occur in 
numerous Protozoa, and in some Metazoa. Many different means exist 
for the accomplishment of this object. In some cases granules of 
chromatin pass bodily through the nuclear membrane into the cytoplasm, 
where they may remain indefinitely and perform some useful function or 
may be rapidly altered into unrecognizable substances. In others, the 
useless chromatin is extruded from the chromosomes, but dissolved within 
the nucleus, Elimination regularly occurs before either division or con- 
jugation, evidently as a part of the preparation for these processes. 
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Metcalf describes the formation of chromatin spherules from the chromosomes 

of Opalina in the course of each mitosis during the year, and suggests “that 

+ these chromatin spherules are nutritive—comparable to the granules of the macro- 

nucleus of higher ciliata. Their formation and extrusion (in Opalina) is posi- 

tively useful, being probably connected with nutrition and perhaps with the 
formation of the refractive spherules of the endosare.” 


The cases of chromatin elimination heretofore described do not compare 
closely with the process occurring in Euplotes, since in this form there is 
a complete solution of all the chromatin, and not of a part only. The 
rapid and complete disappearance of affinity for stains from the region 
affected indicates that the chemical nature of the chromatin is entirely 
changed. he possibility exists that a vegetative chromatin is removed 
hy osmosis during the stage of solution and that then the most active 
chromatin reassumes its original condition. However, it seems much 
more probable that an interchange of materials between nucleus and 
cytoplasm takes place which is of such a nature that the reconstructed 
chromatin is essentially a new substance, not only relieved of the so- 
called. vegetative chromatin, but rejuvenated throughout by a physical 
and chemical reconstitution. The more active condition of the chromatin 
after the completion of this process is shown by its increased staining 
power. —— i 

It would seem that during the ordinary life and activities of the cell, 
the chromatin either accumulates a certain amount of inert substance 
which can play no part in the activities of division, and which it would 
be useless, perhaps harmful, to carry over to the daughter cells; or else 
that a portion of the chromatin itself is so modified by its activities that 
it loses some of the properties essential to its sharing in division, and 

“therefore is eliminated before or during that process. The Jatier view, 
which is merely an expression of the fact that destructive metabolism 
must oceur in chromatin as in all other living substance appears most 
reasonable. Tt also seems quite probable that these products of chromatin 
metabolism may be so closely allied to the living substance of the cyto- 
plasm as to be incorporated with it or, if considerably degenerated, to 


serve as food for the cell. 

The reconstruction of chromatin by complete solution amd reforma- 
tion, such as occurs in Euplotes, is a process of a higher order, as regards 
its effect on the nucleus, than that of the elimination of chromatin 
spherules, as in Opalina. In the latter case, much of the chromatin 
remaining may have been in the nucleus for a considerable time and may 
be practically senescent; in the former case the possibility exists that the 
new chromatin may be entirely composed of new material derived from ` 
the cytoplasm. As the cytoplasm itself is a constantly changing sub- 
stance owing to its various katabolie and anabolic activities, an interest- 
ing possibility that the new chromatin may be formed from materials 
only recently entering the body is instantly suggested. 
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There is a large field for research in the comparalive morphology and 
physiology of the meganuclei of the Infusoria, and for a long time to 
come general conclusions can not safely be drawn regarding them, their 
activities, and relationships. However, these observations on the mega- 
nucleus of Euplotes indicate that the meganucleus is more of an active 
and less of a passive agent in the cell life than many zoölogists seem to 
believe. The very fact that the chromatin of the meganucleus is recon- 
structed in a manner which must include an elimination of passive 
(vegetative) chromatin, such as occurs in nuclei of the ordinary type, 
indicates that the meganucleus is not only an aggregation of such spher- 
ules of vegetative or nutritive chromatin, but includes in addition most 
other properties of the ordinary cell-nucleus, 

The form of the nucleus is not altered during the first half of the 
period of chromatin reconstruction, but as the reconstruction bands 
approach the center of the nucleus the phase of concentration so universal 
in meganuclei of this shape is entered upon. Both ends become shorter 
and thicker, at the same time losing any small irregularilies of contour. 
The more nearly the reconstruction bands approach each other, the more 
marked becomes the shortening of the limbs of the nucleus. ‘The central 
portion, that is, the part lying between the reconstruction bands, is not 
„usually affected. Figures 14 (Plate V) and 18 (Plate VI) show that 
this region has inereased in thickness, which is not the case in figures 
8, 10, and 13 (Plate V). As the ends of the nucleus become shorter 
and thicker, the threads of chromatin are also changed in the same 
manner, so that the chromatin becomes condensed. Chromatin conden- 
sation always follows, never precedes, the reconstruction phase. There- 
fore, the center of a nucleus in which the reconstruction planes are 
close to cach other often presenis a marked contrast to the greatly con- 
centrated ends. Unless the stain is carefully extracted the condensed 
portions of a nucleus appear uniformly stained, as if the chromatin net- 
work had been welded into a homogencous mass. It is certain that the 
reticulum does not disappear at any stage, even that of greatest concen- 
tration, but in the last stages it is often impossible to distinguish the 
threads. Figure 22 (Plate VI) shows the appearance of a poorly 
extracted nucleus in the concentration phase, in which a reticulum is 
visible in only two places. After the reconstruction of the chromatin is 
complete, the concentration proceeds very rapidly, until the nucleus be- 
comes a short, thick rod, varying somewhat in form, which lies in the 
region formerly occupied by the center of the horseshoe-shaped nucleus. 
The process of concentration is evidently one of contraction of both ends 
of the nucleus toward the center, for the latter portion of the nucleus 
does not move from its place. 

“Bei dieser Concentrirung gegliederter Kerne muss die Membran wohl eine 


wesentliche Rolle spielen, da wir wissen, dass die Verbindungsfüdehen häufig 
nur von ihr gebildet zu sein scheinen.” (Bütschli, Protozoa, p. 1524.) 
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I do not fcel that at the present time anything of value regarding the 
origin and purpose of the process of concentration can be added by me to 
the explanation Bütschli has already advanced. (Lot. cit., p. 1524.) 

“Eine Erklärung fiir die Concentrirung des Makronucleus zu geben, scheint 
einstweilen kaum möglich. Active Contractionserscheinungen im gewöhnlichen 
Sinne dürften dabei schwerlich mitwirken. Man könnte eventuell an eine schr 
einfache Deutung denken, welehe jedoch etwas gewagt erscheint. Jedenfalls 
müssen im ruhenden Zustand besondere Einflüsse auf den band- bis rosenkranz- 
förmigen Nucleus wirken, welche ihm die eigenthümliche Gestalt verleihen. Das 
einfachste, was man sich in dieser Ilinsieht denken könnte, wären aüssere 
Zugkräfte, welche ihn dehnten und zunächst bandförmig ‚und schliesslich rosen- 
kranzförmig werden liessen; nach Analogie mit einem zähen Fitissigkeitsfaden, 
welcher sich bei genügender Streckung ebenfalls perlschnurförmig gliedert. 
Solche Einwirkungen auf den Makronucleus könnten nur vom umgebenden Plasma 
ausgehen, und die Frage wäre, ob sich hierfür Anzeichen finden liessen, etwa 
analog den bei /sofricha beobachteten Karyophoren. Wenn nun diese Einflüsse 
bei Beginn der Theilung aufhörten, so würde der Nucleus von selbst wieder zu 
seiner natürlichen Gestalt, d. h. der kugligen bis nahezu kugligen zurückkehren. — 
Etwas gegründeter sind unsere Vorstellungen von der Bedeutung des Vorgangs. 
Wir erblicken darin, im Anschlusse an die Roux’schen Ideen, eine Erscheinung, 
welche eine möglichst gleichmässige Halbirung des Nucleus inhalts, der in den 
langen Kernen ziemlich ungleichmässig vertheilt sein kann, bei der Theilung 
ermöglicht,” 

The period of greatest condensation is reached at a time when the body 
is ready to commence the process of transverse fission. The nucleus does 
not remain in this condition for more than a few minutes, It then 
elongates rapidly, forming a thick, somewhat bent rod, extending through 
nearly the entire length of the body. As the nucleus elongates, its 
reticulum of chromatin becomes more easily visible, although the con- 
densation is still great enough to make the nucleus appear dark and 
solid. Possibly the chromatin may also be stained more intensely at this 
stage than later. As the nucleus elongates, both the anterior and posterior 
ends curve toward the left. (Plate VII, figure 26.) These curves in- 
crease as the constrietion of the body deepens, while the middle portion of 
the nucleus connecting them remains straight and occupies the isthmus 
connecting the separating halves of the body. (Plate VII, figure 27.) 
As fission proceeds to the stage when the daughter animals remain con- 
nected only by a narrow neck of protoplasm (Plate VII, figure 28), the 
upper and lower halves of the meganucleus increase in length and also 
in curvature, while the straight middle portion becomes reduced to an 
extremely tenuous thread, which presently breaks (Plate VII, figure 29). 
While the nucleus is elongating, bending, and dividing, the reticulum 
becomes more and more plain. This is partly because the chromatin 
fibers become thinner and partly because of their lessened affinity for 
stains, rendering extraction of the stain more perfect. A noticeable 
feature of the reticulum at this time is the great longitudinal elongation 
of its meshes. ‘This appearance of the network and the manner in which 
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the meganucleus is pulled out into a thread at the point of division ap- 
pear to be expressions of the internal tensions existing during this period, 
and, to a certain extent at least, are evidence supporting the theory of 
Bütschli quoted above, ihat the clongated shape of the nucleus is the 
result of and is maintained by cell-tensions. The contractility of the 
nuclear membrane and of the intranuclear reticulum are factors which 
seem sufficient to account for the concentration of the meganucleus, but 
they can not cause its elongation. During the process of concentration 
the karyolymph has been almost completely expelled from the nucleus. 
Absorption of karyolymph during expansion increases the volume of the 
meganucleus, but can not of itself direct expansion in particular direc- 
tions. This must be accomplished by tractive force exerted upon the 
nucleus by the cytoplasm, of which we have visible evidence in the 
temporary stretching of the reticular mesh. Figures 30 and 31, Plate 
VII, are drawings of Euplotes immediately after fission. In figure 31, 
the anterior end of the nucleus still remains drawn out into a point which 
ends just inside the pellicle. This point, as well as other irregularities 
of the anterior end of the nucleus, would have been lost very quickly, for 
the nucleus grows into its ordinary form soon after division. 


DIVISION OF THE MICRONUCLEDS. 


The micronucleus divides much more quickly than the meganucleus, 
commencing after the reconstruction phase of the latter has started, and 
being completed some time before that phase has ended. ‘The chromatin 
of the resting micronucleus exists in the form of a reticulum, which is 
only visible after thorough extraction of the stain. (Plate IV, figures 1, 
2, and 3.) Soon after reconstruction of the meganucleus has been 
entered upon, ihe micronucleus increases in size io about double its or- 
dinary dimensions. ‘The enlargement appears to be due to an increase in 
the fluid contents, for no change in the chromatin ean be seen. 

Rearrangement of the chromatin commences when the reconstruction 
bands of the meganucleus have proceeded ahout one-quarter of their 
distance. ‘The chromatin meshes first become elongated in the direction 
of the anterior and posterior, poles of the micronucleus; next they may 
be found as threads reaching from end to end of the nucleus with a 
slightly spiral twist. (Plate V, figure 10.) It is evident that the 
chromatin threads are increasing in thickness and staining power. At 
the same time the micronucleus swells still more. The spindle is formed 

_ by the elongation of these threads of chromatin which stretch from pole 
to pole. (Plate IV, figure 5.) I have not been able to distinguish 
purely linin fibers at any stage of the ordinary division mitosis, for all 
‚spindle fibers appear to contain chromatin. Appearances in the mitosis 
‚of conjugation lead me to believe that during ordinary mitoses the linin 
fibrils are completely covered hy or otherwise inseparably joined to the 
chromatin. 
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HR is difficult to determine the number of chromosomes accurately, in 
spite of their small number. The usual number appears to be six or 
seven, although I have counted eight on a few occasions; but at other” 
times I have been able to distinguish only four, or five. When the 
spindle is first fully formed the chromosomes are thickest at their 
middles, tapering slightly toward the ends. As division progresses the 

. chromatin passes away from the middle of the chromosome toward the 
end, until finally the central portion is reduced to.an extremely fine fibril 
connecting the considerably enlarged ends. (Plate VI, figure 19.) This 
still stains with chromatin stains, so does not seem to correspond exactly 
to the ordinary linin fibril. After the chromatin has become massed at 
the poles, the spindle elongates very considerably, the fibrils still joining 
pole to pole. 

It will be seen by a comparison of figures 8, 10, 13, and 14, Plate V, 
that metaphase and anaphase occur with great rapidity, since there is 
almost no difference in the condition of the meganuclei of figures 8, 10, 
and 13. Stages of the micronucleus like those shown in figures 13, Plate 
V, and 21, Plate VI, are also extremely rare. These are the only 
anaphase and telophase stages I have been able to find in an examination 
of many hundreds of dividing individuals. The shape of cach daughter 
micronucleus in figure 13, Plate V, shows plainly that the final step in 
division is a rapid separation of the poles of the spindle, while the spindle 
fibers remain unbroken for q considerable time. A break finally oceurs 
at the center of the spindle and the fibers of each half of the spindle are ` 
withdrawn into their respective nuclei. A clear space is found around 
the micronucleus in nearly every preparation of dividing Euplotes. I 
can not consider this as anything but an artifact, caused by slight shrink- 
age of the distended and fluid-filled micronucleus. 

The daughter micronuclei separate rapidly after division, quickly com- 
ing to rest at the points which will be their permanent positions in the 
daughter bodies. ‘These positions are retained throughout the further 
processes of division, ` 

The micronuclei rapidly assume the ordinary resting structure, and to 
all appearances are perfectly passive during the succeeding, most active 
phases of division. The short-lived activity of the micronucleus and its 
succeeding passivity are in marked contrast to the activities of the 
meganucleus and of the body as a whole. The meganuclens, supposedly 
a vegetative organ, exhibits far more constructive and directive activity 
than the micronucleus, which is usually considered to be the principal 
directive agent in division. The formation of chromosomes and their 
division in the micronucleus is a simple matter compared with the com- 
plex physical and chemical changes occurring in the chromatin of the 
meganucleus. ‘The activities of the meganucleus begin with or before 
the first intimation of other division processes, and continue until after 


" 


. 924 GRIFFIN. 


fission: is complete, and ordinary, normal growth is entered upon. In 
contrast to this the micronucleus is active during only a very short period 
of the division. Therefore, if a conclusion were to be drawn from the 
behavior of the nuclei of Euplotes, it would be that the meganucleus is 
not only the controlling organ in the metabolic activities of the ordinary 
life of the animal, but it is also the active and directive agent of ordinary 
(or vegetative) division, -£0 far as any one portion of the cell can be 
considered independently of the others; while the micronucleus is more 
passive than directive, its part in division being limited to dividing in 
such a way as to supply each daughter cell with a micronucleus. This 
division appears to he more of an incidental feature of fission than one of 
the causative forces. 


DEVELOPMENT OF THE NEW PERISTOME, 


The rudiment of the new peristome appears simultaneously with or 
shortly after the beginning of the reconstruetion of the meganucleus 
(Plate VI, figures 1 and 3), and in the form of a small, somewhat 
elongated depression just back of the posterior margin of the old peri- 
stome. The medial wall of the depression is nearly vertical, while the 
lateral wall curves gently and evenly. The rudiments of a row of mem- 
branelle can be seen on the lateral wall in the earliest stages. These 
first stages of peristome formation in E. worcesteri are quite different 
from the corresponding ones of E. harpa as described by Wallengren. In 
that form a triangular area of the ectosare back of the old peristome 
becomes clearer than the surrounding regions, and is definitely limited 
between the posterior margin of the old peristome, the left-hand ventral 
ridge, and a new temporary elevation. The invagination of the rudiment 
of the new peristome occurs at the anterior end of this field, very close 
to the border of the old peristome. Neither the clear ectosarcal field, 
nor the external delimiting ridge appear in Euplotes worcesleri, nor 
does the rudiment of the new peristome lie so close to the border of the 
old peristome in that species as in E. harpa. The extremely difficult 
matter of finding early stages of the peristome formation in E. worcesteri 
would have been rendered far easier if such a change in the ectosare had 
taken place. 

I have also found that the rudiments of the adoral membranelle 
appear considerably sooner in E. worcesteri than in E. harpa. The 
further development of the new peristome to its full extent is nearly the 
same in both species. ‘The depression deepens and extends posteriorly, 
not upon the surface but beneath the ectosare, forming a short narrow 
invagination. The mouth of tbe original depression becomes the open- 
ing of the invagination, retaining for a time about the same size and 
shape as first. ‘The invagination now rapidly extends anteriorly until 
jt nearly reaches the mieronucleus. I have seen the invagination pass- 
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ing the micronucleus in only a few instances. The invagination extends 
a little farther forward in E. worcesteri than in E. karpa. At the same 
time it pushes a little backward and mediad and also increases consider- 
ably in width and depth. Before the invagination has attained its full 
length the opening to the exterior usually becomes elongated, its edges 
approach and finally fuse, and the new peristome exists for a time as a 
completely closed eavity inside the body of the Euplotes. The ventral 
wall of the new peristome now lies 4 or 5 a dorsad to the old peristome. 

The position of the new peristome is shown very clearly by, sections. Figure 
7, Plate IV, is a drawing of a transverse section of an animal in about the 
same stage as figure 4. The section passes just in front of the tip of the 
pharynx. The new peristome (DP) lies below the old adoral membranelle; inside 
of it the membranelle of the new adoral zone are already well developed; as 
Wallengren also has observed, they move actively inside the new peristome almost 
from the first. Figure 16 (Plate V) was drawn from a longitudinal vertical 
section of a stage similar to figure 10. 1t passes through the old adoral zone 
(az) parallel to the axis of the body. Below this lies the new peristome which 
reaches the surface at O, where the lips of the external opening are still in 
contact. ‘The membyanelle of the new adoral zone (AZ) lie outside of part of" 
the section; at the posterior end of the cavity the membranclle which there lie 
upon the outer wall are shown in transverse section, The individual cilia of 
the adoral membranelle are particularly noticeable in a section like this. After 
remaining closed for a time the external aperture of the new peristome reopens 
and rapidly increases in size. (Plate V, figures 10, 13, 14; Plate VI, figures 
18, 20, 22, 25; Plate VIII, figures 33, 34, 35.) 

The figures show that the time at which the final opening occurs 
varies somewhat, using the condition of the meganucleus as a standard 
for comparison, and so does the rate at which the enlargement of the 
aperture increases. Wallengren ‚did mot observe any closure of the 
peristomial aperture in Euplotes harpa. : 

After the new peristome has become permanently opened, the pos- 
terior end of the cavity increases considerably in length and also bends 
toward the center of the body. The portion of the posterior end of the 
invaginàtion which will become the pharynx is shown by Plate V, figure 
10, where the rudiment of the suboral group of membranelle. (S O) lies 
in a slight expansion of the eavity. Since the suboral membranelle of 
the adult, Euplotes lie just within the mouth, it is clear that the invagina- 
tion includes the rudiment of the pharynx as well as that of the peristome, 
and that the pharynx is formed some distance from its final position. 
The same peculiar bulging of the medial wall of the invagination is shown 
in Plate V, figure 13, although the suboral membranelle were not visible 
in this specimen. 

As figures 10 and 13, Plate V, were among the last drawings made, it 
` is almost certain that the slight enlargement of the pharynx was present 
in other specimens (Plate V, figure 14; Plate VI, figures 18, 20, 22, 25; 
Plate VILI, figure 33) but not noticed at the time the sketches were made, 
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as its importance then was not appreciated. Plate V, figure 17, and Plate 
VI, figure 24, are both drawings of sections passing through the aperture 
of the peristomial invagination. 

The further development of the peristome and pharynx proceeds as the 
body divides. The body of the Euplotes elongates a little before any 
constriction appears. ‘This change in shape is made evident by the new 
peristome moving backward, as if it were pulled ont from beneath the old 
one. (Plate VIII, figures 33 and 34.) ‚By the time that the constric- 
tion of the body can be noticed, the opening of the new peristome to the 
exterior has hecome large, extending from the posterior margin of the old 
peristome to the posterior end of the new one. (Plate VII, figure 31.) 
At the same time the anterior end of the peristomial invagination bends 
toward the middle of the body. Plate VIII, figures 34, 35, and 36 are 
successive drawings of one individual, made at intervals of about half 
an hour; they illustrate the manner in which constriction of the body, 
further increase in the size of the opening of the new peristome, and 

- bending of the anterior end of the new peristome toward the right, pro- 
ceed simultaneously. In Huplotes harpa the curvature of the anterior end 
of the new peristome toward the right commences at a very early stage, 
even before the invagination has attained its full length, and long before 
constriction of the body begins. ‘There is also in that species an inward 
bending near the middle of the new peristome which is altogether lacking 
in E. woreesteri. ‘The anterior end of the adoral zone lies in a cavity 
derived from the original invagination (Plate VII, figure 27, and Plate 
VTIT, figure 36) until fission is nearly complete. As the constriction of 
the body deepens, the adoral zone is more and more uncovered, reaching 
the adult condition while the two bodies are still connected. (Plate VII, 
figures 28 and 29.) j 

While the anterior end of the peristome is passing across the end of the 
body, the pharynx moves still more toward the center of the body and 
its tip bends forward. (Plates VII and VILI, figures 26, 28, 31, 35, 36.) 
The widening in which the suboral membranellv appear develops into 
the anterior expansion of the pharynx, in which the rows of endoral cilia 
appear before the constriction of the body is far advanced. (Plate VII, 
figure 26.) j 

The medial margin of the peristome is not derived from the inner 
edge of the growing aperture of the invagination, but from a ridge which 
grows forward from the anterior angle of the mouth across the medial 
wall of the peristomial depression. Plate VIT, figure 26, Plate VIT, 
figures 34, 35, and 36, show suceessive stages in the development of this 
‚feature. As in Euplotes harpa, this ridge divides the right wall of the 
peristomial cavity into two portions; the dorsal portion becomes the inner 
wall of the completed peristome, while the ventral moi ety becomes included 
in the ventral surface of the body. The part of the ventral cox ering of 


EUPLOTES WORCESTERI: II. 327 


the peristomial cavity extending out from this moiety becomes reabsorbed 
and leaves no ridge to mark its original relations, as in E. harpa. At the 
stage shown in figure 36, the inner margin of the peristome which has 
been formed in the manner just described, has united with the inner 
wall of ihe anterior portion of the peristomial invagination which stil] 
remains. By the deepening constriction of the hody the outer wall of 
this cavity is carried away, and the medial wall becomes the margin 
of this side of the completed peristome, The relation of the inner 
edge of the aperture of the invagination to the medial margin of the 
completed peristome can clearly be seen by examining the cirrus marked f 
in figures 33 to 36, Plate VIII. It lies inside the original aperture, but 
outside of, i. e., mediad to, the true margin of the peristome. 

I have carefully considered if the new peristome resulis from an out- 
growth of the old one, and if the invagination could be formed from a 
linear depression of the edge of the old adoral zone, or ol the region 
immediately lateral to that zone. There is no evidence that either 
of these processes occur, Instead, I have been able to follow the process 
of invagination, as above deseribed, many times in living animals, and 
also in mofinted and sectioned material. The sections leave no trace of 
doubt regarding the internal position of the new peristome. In the 
transparent living animals the adoral membranelle of the peristomial 
invagination lie at a slight angle to those of the old adoral zone, and 
since they are all in rapid motion, the relative positions of the two zones 
ean be determined indubitably. 

The formation of the new peristome and pharynx by invagination may 
be a process developed in order that these parts shall be fully formed 
when fission commences, and 10 insure that the posterior daughter animal 
may be able to take up independent normal existence after fission with- 
out any delay. It will be noticed that all new structures, of whatever 
kind, are funetionally complete in this animal by the time that fission is 
accomplished. The peristome extends so far toward the posterior end ' 
of an adult animal that a complete peristome can not be formed upon 
the surface of the body back of this point, while there is atso little room 
between the left edge of the body and the margin of the peristome for 
such development. It should be noted that fission in this form is not 
merely a pinching in two of the body, but a process by which material 
is withdrawn from the anterior half of the body, which results in the 
formation of two daughter bodies very different in form from a half of the 
mother body at the time fission began.. Therefore, the invagination of 
the peristome seems to be an anticipatory process related to the develop- 
ment of the new body and cirri. 

There can be no question of overgrowth in the formation of this 
invagination, as in the more familiar examples of invagination among 
metazoan embryos. The direction of growth here is evidently con- 
trolled by internal tensions either of ectosare or endosarc. i 
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A process of this kind also suggests that a certain functional independ- 
ence of ectosare and endosare exists in spite of close structural relations. 
The very definite and regular structure of the ectosare has been spoken 
of in the first part of this paper; the process of invagination (in which 
the ectosare chiefly is concerned) suggests that the relations of the 
primary germ layers of Metazoa may be quite definitely foreshadowed 
in some of the higher Protozoa. 

Development of the new cirri (Plates VI, VU, and VIII, figures 25, 
32, 33, 34, 35, and 36).— While the changes described in the foregoing 
pages have been proceeding, a new complement of cirri is developed 
for each half of the mother body, and all of the original cirri are absorbed. 
The order in which these events occur is decidedly definite. In order 
to follow the course of the new cirri we must distinguish cach of the 
cirri of the fully formed body. The frontal cirri I have numbered in 
figure 32, Plate VII, from 1 to 7; the ones usually called abdominal 
cirri are numbered 8, 9 and 10; the anal cirri are I to V; the Jeft mar- 
ginal cirri are L1 and L2, while the right marginal cirri are R1, R2, and 
R3. ] 

At about the time that the meganucleus reaches the condition of 
greatest condensation, ten slit-like, longitudinal depressions appear in two 
rows of five each upon the ventral surface of the body. The two com- 
plete rows appear simultaneously, and not successively, as Wallengren 
observed in Euplotes harpa. 

The slits of the anterior row I have distinguished by the letters A, 
B, C, D, and E; those of ihe posterior row by a, b, c, d, and e. By 
combining these letters with the numbers of individual cirri, each cirrus, 
its origin, and its course can be indicated. 

The slits are produced both by the solution of the pellicle and by 
depressions of the ectosarc at those points. The places where the slits 
appear are very definite and subject to little variation, being always 
practically the same as shown in Plate VII, figure 32. In this specimen 
cirrus 7 occupied a position a little back of its usual one. Jt generally 
stands to the right of the anterior end of slit A. (See Plate VI, figure 
25.) It will be noticed that cirrus 9 stands between the posterior ends 
of slits C and D, and also that slit E is widely separated from D, and. 
unlike the others of this row, points toward the edge instead of the center 
of the body. It also is important to observe that slits a to e arise outside 
of the depressions of the adult anal cirri. 

There is almost no difference between Euplotes worcesieri and E. harpa 
in the points at which these slits appear. The only considerable differ- 
ence in the origin of any of the cirri is in the case of the cirrus named 
F by me, and I-1 by Wallengren. This cirrus arises much farther for- 
ward in E. karpa than in E. worcesteri; the arrangement in F. harpa is 
such that there is much less difference in the origin of I-1 of the two 
daughter bodies ‘than in E. worcesteri between cirri F and f. 
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‘Phe bottom of each slit becomes elevated in the form of a thin irregular 
ridge which is the rudiment of the eirri which presently appear in the 
depression. The ridge does not have the character of an undulating 
membrane (as described by Stein and Sterki for Stylonychia), but the 
shape of the depression apparently controls the form of the elevation of 
protoplasm from its floor. The edge presents points which seem to be 
the first indications of the cirri to be formed in a few moments, since 
in the few instances which I have been able to observe the number of 
points on the ridge coincided with the number of cirri to arise from 
that particular depression. Wallengren finds that cach cirrus of E. harpa 
arises independently of the others in the same slit, and that there is no ` 
indieation of an undulating membrane, or a protoplasmie ridge such as 
I describe, preceding the appearance of the citri. He also observes the 
posterior cirrus of cach group to appear first, followed in succession by 
the more anterior ones. So far as I have been able to observe, all the 
cirri of a group arise at the same time in F. worcesteri, although it 
is true that the posterior one of each group outstrips its fellows in 
growth from the very first. : \ 

The early development of the cirri must proceed very rapidly, for the 
stage in which the depressions only exist is very rarely seen among large 
numbers of dividing individuals. Specimens like figures 25 or 33, Plates 
VI and VIII, are common enough. 

Three cirri arise in each depression, except in the one at the left of 
each row where but two appear. From the fourteen cirri thus appearing 
in each row are formed all the frontal, abdominal, and anal cirri of each 
daughter body, except one. The history of this last cirrus is peculiar, 
and is different in the two bodies. That of the anterior body (F) 
appears to the left of slit A, just behind cirrus 7, usually as is shown by - 
figure 25, Plate VI. The corresponding cirrus of the posterior body (f) 
springs from the medial wall of the peristomial invagination, just within 
the aperture and immediately after its permanent opening. Neither of 
these cirri arises from a depression like the others. 

The left marginal cirri-of the two bodies also arise from depressions 
to the right of the old and new peristomes. (L M, ! m, figures 32, 25, 
and 33.) The development of the left marginal cirri resembles that of 
the ventral cirri. . 

As the cirri of groups A, D, C, D; E, a, b, c, d, and e grow, the 
depressions in which they arise also increase, particularly in length. 
(Plate VI, figure 25, and Plate VIII, figure 33.) The enlargement of 
the grooves a, b, c, and d causes the cffacement of the anterior portions 
of the original grooves of the anal cirri I to IV, while the portions left, in 
which the anal cirri still stand, are directly behind the new grooves, 
separated from them only by narrow oblique ridges, (Plate VIII, figure 
33.) The remnants of the old grooves are effaced very soon after this 
stage, 
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In the elongation of the groups of new cirri, the posterior one of each 
group remains at the point where’ it appeared while the anterior ones 
are shifted forward. In the caso of the triple groups, the two anterior 
cirri remain close together and one behind the other until the rearrange- 
ment is nearly completed, As the new cirri approach the anterior limits 
of cach daughter body, the anterior portions of the depressions become 
separated from the posterior, or open upon one side (Plate VIF, figures 
34 and 35), and then gradually are obliterated. A curious feature of 
this process is that the left margin of the depression seems always to 
be the first to disappear. ‘The portions of the grooves remaining about 
the posterior cirri now assume the form and position characteristic of 
the adult Euplotes. (Plate I, figure 1.) The anterior cirrus af group 
E is the first io become independent of its mate. The two of group D 
next lose their alignment, and separate. ‘Those of group € follow, while 
the anterior pairs of B and A retain nearly the original relations until 
ihe development of the daughter bodies lacks little of being complete. 

While the new cirri are developing the old ones are being absorbed, one 
by one. The absorptien begins as soon ax the new cirri appear. The 
first to go seems to be anal I (Plate VIII, figure 33), although 8 and 9 
may disappear at the same time. Anal IT follows next (Plate VI, figure 
25), and then anal, V (Plate VITI, figures 34 and 36); 8 and 9 are 
sure to be gone by this time, and usually several of the frontal cirri, 
as is shown by figure 34, Plate VILI, where 4, 5, 6, and 7 have disappeared. 
At the time this specimen had reached the stage shown by figure 36, 
cirri 1 and 10 and one of ihe right marginals had also gone. After this 
it is only a matter of minutes before the remainder of the old cirri, 
frontale, anale, and marginals, disappear, so that by the time division 
is completed not one of the old cirri of the mother body remains. 

"The final disposition of the new eirri can be followed hetter from Plate 
VIII, figures 33 and 36, than from any deseription. The most peculiar 
thing in the course of this development is the manner in which the new 
frontal cirrus 4 of each body develops. ‘This is quite different in the 
two bodies, yet essentially similar. The single cirrus F which develops 
just back of frontal 7 has been mentioned. This increases in size at the 
same rate as the outer new cirri, and without much change of position 
becomes the new frontal 4 of the anterior daughter body. 

The corresponding cirrus in the posterior daughter body springs from 
the inner side of the peristomial aperture as soon as this reopens, (Plate 
VI, figures 23 and 25.) It is extremely active in its movements from 
the first, waving with a spiral motion so rapid and continued as to suggest 
that it is actively engaged in directing food into the new peristome. 
That this is not the case is proven by the complete absence’ of food balls 
trom the peristomial invagination, For a long time this motile organ, 
apparently a part of the buccal apparatus, proved very puzzling. But, 
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as has been mentioned, it was finally observed that after the peristomial 
aperture has grown to a large size a ridge arises, beginning at the 
anterior angle of the mouth, and passing forward lateral to the cirrus just 
described. (Plate VITI, figures 34 and 35.) This ridge becomes the 
medial wall of the completed peristome, while the original medial margin 
of the peristomial aperture and part of the medial: wall of the cavity. 
become included in the ventral surface of the body. (Plates VII and 
VITI, figures 26, 34, 35, 36.) In this manner the cirrus arising in the 
petistowiial cavity alo cern shifted to the ventral surface, and lies 
not far from its final position of frontal citrus 4. (See f and f 4.) 

The development of the left marginal cirri presents no noteworthy 
features... These cirri have reached their final positions and proportions 
hy the time the hodies separate. Right marginals are formed upon the 
margins of both daughter bodies before final separation takes place, but 
were not observed in any of the specimens drawn. 

The final disposition of the cirri is exactly the same in Euplotes 
iworcesteri as in E, harpa. While the figures of Minkiewicz of E. vannus 
are very incomplete, the process is evidently the same in that species. 

Sensory bristles—At an early stage in the development of the cirri, 
numerous additional groups of granules appear upon the ventral surface. 
Their positions bear an evident relation to the new cirri. As each group 
of granules of the adult Euplotes surrounds the base of a sensory bristle, 
the same relation must be true of the new granules, allhough the direet 
observation of the bristles at this stage is practically impossible. I have 
not been able to decide whether the old sensory bristles all disappear and 
are replaced by new ones, or whether new bristles appear only in those 
portions of the iwo new bodies which otherwise would be left without 
any by the division. 

The sensory bristles of the dor sal surface and their related groups of 
granules do not show any changes before division. New bristles appar- 
ently are interpolated in the dorsal rows during the period of growth 
which succeeds fission. 

It has been known for many years that the old peristome, which is. 
retained by the anterior daughter body, is not always retained without 
change. Confining ourselves to the genus Euplotes the only author who 
has mentioned in detail these changes in the old peristome is Wallengren. . 
He finds that the mouth of Euplotes karpa atrophies so that neither food 
nor water is taken in during the later stages of fission. Neither his 
figures nor his descriplion throw any more light upon this point. Te 
also observed that just before division takes place the lower lip becomes 
filled with a great number of round granules. Te did not observe any 
other changes in the form or structure of the peristome, nor any recon- 
struetion of the adoral zone. I have been unable to observe any changes 
whatever in the old peristome of E. worcesteri during division. The 
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mouth and pharynx remain open, the pharyngeal membranellw being or- 
dinarily active; the edges of the peristome remain as sharp as ever, and 
ihere are no signs of destruction of the adoral membranelle. I am 
convinced that the old peristome continues unchanged in the anterior 
daughter body. f 
The suggestion made by Wallengren that the reason for the complicated 
development of new cirri and absorption of old ones among Hypotricha 
lies in the fact that the mother organs are not adapted to the needs of 
- the daughter cells either in size or position, seems to me not entirely 
sufficient. 1t is often found that the new anal cirri of the posterior 
daughter body before division are not to be distinguished from the 
remaining old ones except by position. ‘Che same holds true occasionally 
for the frontal cirri. Division takes place in such manner that the 
explanation suggested by Wallengren must be true of part of the cirri. It 
does not appear to account sufficiently for the replacement and absorption 
of the cirri which are so placed that division does not seriously affect their 
position or action. TIowever, in Huplotes harpa the shape of the body 
and the manner in which division occurs are such as to give color to 
Wallengren’s suggestion. f 


DIVISION OF TILE BODY. 


Constriction of the body does not appear until the new cirri are all 
present (except the right marginals) and have moved nearly to their 
final positions (Plate VIII, figure 34); until the new peristome is 
widely open and has been drawn backward a considerable distance by the 
elongation of the hody (note the difference in the distance from the 
anterior to the posterior pharynx in figures 25 and 34, Plates VI and 
VIII); until after the micronucleus has divided and the two daughter 
micronuclei have moved apart to their final positions, and the meganucleus 
has passed from the stage of concentration to that of clongation (Plate 
VI, fignre 25, and Plate VII, figure 26). The constriction deepens 
rapidly, and separates the bodies in from one to two hours. An animal 
which is preparing for division is almost always considerably broader and 
more ovoid in outline than a “resting” individual. (Compare figures 
1, 3, 25, and others, with 28 and 29, where the bodies have attained an 
almost typical shape before division is completed.) Even before con- 
striction commences the body begins to grow longer and narrower. 
(Plate VIII, figure 33.) This change is caused by the backward growth 
of the region back of the old mouth, which will become the posterior 
individual. "The movement is not simply an elongation or even an 
increase in mass of the posterior part of the body, but is brought about by 
the withdrawal of some material from the anterior portion of the body. 
That this must be so is proved by the backward movement of the invagina- 
tion of the new peristome, which is pulled out from over the old peristome 
(Plate VIII, figures 33, 34, 35, Plate VIT, figure 26) and by the fact that 
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the anterior half of the body becomes narrower at the same time. As the 
new peristome moves backward its anterior end is bent to the right; the 
fact that the inclination toward the right is greater at first than the amount 
of constriction of the body, indicates that pressure exerted by the latter 
process is not the sole cause of the bending, but that internal directive 
forces (or tensions) of considerable strength exist. This is still more 
clearly shown by Euplotes harpa, in which the peristome is bent to a right 
angle before constriction begins. ‘The further bending and extension of 
the peristome across the anterior end of the new body proceeds at the same 
rate as the constriction, and appears to be produced by it. It is impos- 
sible to say certainly whether new adoral membranelle are formed as 
the zone extends across the front of the body or not, but it seems more 
probable that all the membranell® are formed in the invaginated per- 
istomial cavity before ihis movement commences, and that increase in 
the length of the zone is. secured by interealary growth only. The basis 
for this supposition is that the number of membranelle in the invagination 
(Plate VII, figure 32, Plate VIII, figure 33) is equal to the entire 
number generally fonnd in the adoral zone and pharynx of an adult 
Euplotes. 

The extension of the adoral zone toward the right forces the connection 
between the bodies to remain at that side. (Plate VII, figures 28, 29.) 
As the constriction is carried across the body, the thin ventral wall of the 
remaining part of the peristomial cavity (Plate VIII, figure 36) is 
broken through; a portion remaining may form the marginal lamella of 
the medial wall of the completed peristome. ‘(Plate VIL, figures 28 
and 29.) 

The stalk connecting the daughter bodies is sometimes drawn out into 
a slender thread of some length; it is not unusual to sce a pair of 
individuals swimming rapidly about connected in ihis manner, the 
posterior one swinging from side to side as if the two were engaged in 
a game of efsck-iBe-chip, By the time that separation occurs the two 
bodies may have their usnal form, or they may be of such shapes that 
the observer can. very easily be certain which was anterior and which 
posterior before division. (Plate VIT, figures 30 and 31.) A new 

contractile vacuole appears in the anterior body before fission is complete. 
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ILLUSTRATIONS. 


EXPLANATION OF PLATES. 


The magnifications given are those which the figures possessed before reduction. 
Plates IV to VIH have been reduced one-half. 


so, solution plane. 

re, reconstruction plane. 

P, new peristome, 

0, definitive opening of the invaginated new peristome. 
S. O., rudiment of new suboral membranelle. 

az, old adoral zone. 

AZ, new adoral zone. 

ph, pharynx (old). 

sm,  suboral membranelle (old). 


PLATE 1V. 


Fics. 1, 2, 3, and 4. Successive stages in the reconstruction of the meganucleus, 


Fic, 


and of the invagination of the new peristome. X 800. Camera lucida. 

5. Micronuclear spindle of figure 4. X 1,600. 

6. Posterior extremity of meganucleus of figure 3. The chromatin reticulum 
on the anterior side of the solution plane ends very abruptly and 
evenly, On the posterior side of the reconstruction plane the chro- 
matin fibers reappear; the chromatin is nodular in. the posterior 
part of the nucleus. X 1,600. Camera lucida. 

. Transverse section of a stage corresponding io figure 4. The invagina- 
tion of the new peristome (P) is seen below the old adoral zone. 
The new adoral membranelle stand inside the invagination. X 600. 
Camera lucida. 


PLATE V. 


8. The invagination of the new peristome is completely closed. X 800. 
Camera lucida. 5 

9. Micronucleus of figure 8. Spindle threads connecting. the poles could 
not be seen. X 1,000, G 

10. The peristomial invagination is reopening at O. At S. O. appears the 
rudiment of the new suboral group of membranellæ. X 800. Camera 
lucida. 

11 and 12. Solution and reconstruction planes. Both these nuclei show a 
reticulum of extremely fine fibers in the reconstruction plane. These 
are thickest on the side away from the solution plane; little masses 
of chromatin can be seen forming at ihe nodes. X 1,000. Camera 
lueida. . 

13. The opening of the new peristome is enlarging. The micronucleus has 
divided, the two new micronuclei still showing the points at which the 
nuclear membrane was drawn out as the poles moved apart. X 800. 
Camera lucida. 

14. The new peristome now has a large opening. The two micronuclei are 
entirely reconsirueted, and have assumed their final positions. The 
reconstruction bands of the meganucleus are approaching each other, 
while the meganucleus as a whole is condensing and shortening. 
X 800. Camera lucida. 

335 


336 GRIFFIN. 

Fig. 15. The middle portion of the meganucleus of figure 14. X 1,200. Camera 
lucida. : 

16. A vertical longitudinal section of the new peristome at a stage corre- 
sponding to figure 10. The invaginated mew peristome forms an 
extensive cavity lying directly dorsad (below in the figure) to the 
old adoral zone (az). The opening of the invagination to the ex- 
terior at O is just commeneing. The new adoral zone is scen nt 
AZ. X 1,000. Camera lucida. 

17. An obliquely transverse section of a stage corresponding to figure 14, 
passing through tlie new peristome and its opening. and the old adoral 
zone (nz). X 600. Camera lucida. 


PraTE VI. 
Fia, 18. The two solution planes of the meganueleus have met, The meganucleus 
is considerably eondensed. X 800. Camera lucida. 
19. Anaphase of micronucleus. 
20. The solution planes have disappeared and the reconstruction planes, have 
met. X 800. Camera Incida. 
21. Late anaphase of micronucleus, 
22. The reconstruction planes have disappeared and most of the meganucleua 
“has condensed until the chromatin retienlum is not easily visible. 
X 800. Camera lucida. 
23. At about the same stage as figure 22, but with a less condensed megt 
nueleus. The rudiments of the new cirri have been formed. 
24. A transverse section passing through the old peristome, pharynx, adoral 
zone and suboral membranellx, and also through the new peristome 
and its opening to the exterior, The latter is at the base of a 
depression of the outer surface, and one of its edges is shown in the 
figure. X 400. Camera lucida. 
25. The final stage in the condensation of the moeganucleus. Two of the 
old anal cirri have disappeared; the new cirri are increasing in size. 


Pirate VII. 


Fies. 26 to 29. Elongation and constriction of the body and meganucleus; the 
new peristome is drawing out from above the old, and assuming its 
definite position, 

Fie. 30. Anterior daughter individual immediately after division. 

31. Posterior daughter individual immediately after. division. 

32. First stage in the development of the new cirri. A, B, ©, D, E, depres- 
sions in which the new eirri of the anterior daughter body will 
develop; a,.5, c, d, e, corresponding. depressions of the posterior 
daughter body; 1, 2, 3, 4, 5, 6, 7, frontal cirri; 8, 9, 10, abdominal 
cirri; T, IL, III, IV, V, anal cirri; Ll, L2, left marginal cirri; RI, 
R2, R3, right marginal cirri, 


PLATE VII. 


Fras. 33 to 30. Successive stages in the development and arrangement of the 
_hew cirri, and in the resorption of the old ones. Figures 34, 35, and 
are drawn from the same individual at intervals of about half an 

jour. =. 
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PLATE VIII. 


REVIEW. 


Aigrettes and Birdskins. The Truth About Their Collection and Export. By 
Harold Hamel Smith, editor of “Tropical Life." With a foreword by Sir 
J. D. Rees, K, C, I, E, C. V. O, M. P. Cloth, Pp. 138. Prien: 5 shillings. 
London: John Bales Sons & Danielson, Ltd. 1910. 


This book is written, in defense of the bird-millinery trade and in 
protest against a notification issued in India, in 1902, prohibiting the 
export from British India of the skins and feathers of all birds other 
than domestic birds, ostrich feathers and skins, and bona fide natural 
history specimens. 

The objection to this order is that while it does not protect the birds 
from being killed it takes from the poorer classes in India a considerable 
source of income. 

The author claims that the collecting of feathers of wild birds can 
not be considered eruel, unless it be considered cruel to shoot game for 
sport, and that, taking the world as a whole, birds are not in danger of 
exlermination, or even of becoming rare. 

It is stated that, “unlike the milliners who need the birds only for a 
lew years at a time, whilst the fashion for wearing them lasts, the sup- 
pliers to natural history museums and the fishing-tackle trade go on 
collecting uninterruptedly year after year, as they have no fashion. to 
interrupt their demand.” 

Members of the Audubon societies and other protectionists will be 
pleased to learn that should any fear of the extermination of a certain 
species arise “the trade wisely and very naturally will be only too pleased 
to collaborate with any official body to keep that particular species out of 
fashion until their numbers have increased sufficiently to warrant their 
being used again.” ; 

he extermination of some species of birds, such as the herons in 
Florida, is charged to the advance of civilization and the opening of new 
country. The author suggests the appointment of a permanent inter- 
national committee to be consulted at any time, to inquire into reported 
scarcity of birds, and to ascertain on independent evidence how correct 
the reports are. The committee should, if necessary, proceed to the 
center of origin and ascertain the true state of the ease. 

The frontispiece is a half-tone portrait of the author. 


R. C. McG. 
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(New names are printed in heavy-faced type.) 


A 


Acanthopneuste borealis (Blasius), 112. 
Accessory, a new, for dissecting work, 131; 
description of, 131; uses of, 132. 
Accipiter gularis (Temminck and Schlegel) 
108. 
Acbacea combinans Walk., 174. 
Achaea cyllota Guen., 174. ' 
Acharana, 180, 
licarsisalls Walk., 180. 
licarsisalis Swinh., 180. , 
pheopteralis Cuen., 180. 
Achiline, 39. 
Acidalia, 177. 
ochrata Scop., 177. 
rufula Swinh., 177. 
Acidaltinm, 177. 
Acontiine, 172. 
Acronycta, 171. 
leporina Linn., 171. 
sinens Walk., 171. 
sinens Hamps., 171. 
Actitis hypoleucos (Liunzus), 107. 
Adlullis, 163. 
benguetana Schultze, 163. 
Junifera Walk., 163. 
samarensis Schultze, 163. 
Adoretini, 262, 
Adoretus, 262. 
luridus, 262.  * 
phitippinicus Pic, 262. 
ranunculus Burm., 262. 
umbrosus Fabr., 262. 
ZEgialitis dubia (Scopoli), 106. 
alexandrina (Linneus), 106. 
peroni (Bonaparte), 106. 
JEmene multipunctata Hamps., 169. 
/Ethopyga flavipectus Grant, 113. 
Afrena, 177. 
esmeralda Hamps., 177. 
Agonia banksi Welse, 227. 
manilensis Weise, 227. 
vanderpolll Gestro, 146. 
Agrotis, 171. 
aristifera Guen., 171. 
biconica Hamps., 171. 
biconica Koll, 171. 
c-nigrum Hamps., 371. 
c-nigrum Linn., 171. 
exigua Koli.. 171. 


Agrotis ingrata Butl., 171. 
segetis Schiff., 171. 
segetis Hamps., 171. 
segetum Leech, 171. 
spiculifera Guen., 171. 
suffusa Trelt., 171. 
ypsilon Hamps., 171. 
ypsilon Rott., 171. 
Alcedinidæ, 109, 
Alcedo bengalensis Gmelin, 109. 
Alcyone argentata (Tweeddale), 197. 
eyanopectus (Lafresneye), 110, 
Alpheus avarus Fabr., 97. 


! Ambasside, 272. 


Ambassis kopst (Bleeker), 274. 
Amia ceramensis Bleeker, 274. 
grifini Seale, 117. 
hyalosoma Bleeker, 274. 
quadrifasciata (Cuv. and Val.), 274. 
Amblygobius insignis Seale, 116. 
Anzsthetization of marine animals by using 
magnesium sulphate, 86, 
Anas luzonica Fraser, 108. 
Anctide, 108. 
Anatomy, racial, in Taytay, 1. 
Anerastia, 177. 
` celsella Walk., 177. 
lotella Hubner, 177. 
pallidicosta Walk., 177. 
Anerastilne, 177. i 
Angonyx, 167. 
testacen Walk., 167. 
testacea Rothsch., 167. 
Animals, anzsthetizatlon of marine, 
using magnesium sulphate, 86. 
Anomala, 256. 
andradei Heller, 248, 258. 
anoguttata Burm., 258. 
atrocyanea Burm., 259. 
beri Ohs., 259. 
camarinensis Ohs., 246, 256. 
catenatopunctata Ohs., 244, 256. 
chalchoptera Burm., 259. 
chalibea Burm., 250, 258. 
chloropyga Burm., 252, 259. 
corruscans Chevr., 250, 258. 
dasypyga Burm., 259. 
"despumata Ohs., 243, 256. 
encausta Cand., 259. 
exarata Burm., 256. _ 
flavoscutellata Ohs., 237, 256. 
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Astur trivirgatus (Temminck), 108. 
Atherina forskalii Rupp., 268. 
Atherinidæ, 268. : 
' Attacus ricini Boisd., 132. 

Aulacophora quadrimaculata Chap., 140. 
rosea Chap., 140. 
upiformis Chap., 223. 
Autoba versicolor Walk., 172. 


Anomala heteroglypha Ohs., 248, 258. 
inconsueta Ohs., 250, 259. 
infans Ohs., 236, 256. 
Jeotaudii Blanch., 242, 257. 
macrophthalma Ohs., 237, 256. 
nitidissima Blanch., 259. pax 
noctivaga Ohs., 246, 257. 
obesa Cand., 259. 


ovatula Ohs., 240, 257. ] n 
9 palawana Obs., 241, 257. ! 

picturata Cand., 258. BANKS, C. S., Rhynchota Palawanlca, Part 
planata Cand., 248, 257. II: Homoptera, 33; Editortal: An Inte- 
prematura Ohs., 251, 259. resting Occurrence with Sticky Grass: 
prasina Burm., 269. Eragrostis v se Trin, 85; The Poly- 
proctolasia Ohs., 239, 257. scopic Cell, 79; A New Accessory for Dis- 
relucens Har., 250. scetion Work, 131. 


schultzeana Ohs., 247, 257. ; Bantayan Island, formation of, 149; four 


semperiana Ohs., 241, 257. new species of fishes from, 115; food 
smaragdina Eschsch., 259. fisheries of, 151; Jocatlon of pearl shells 
suleatula Burm., 257. at, 150; pearl fishery of, 149; pearl shells 
varicolor Gyllenh., 258, from, 150; quality and value of peari 
vietipennis Ohs., 245, 258. shes from, 151; situation of, 149; value 
whiteheadi Ohs., 243, 258. of food fisherles of, 151. 

Anomalini, 256. , Barbus elongatus Seale, 265. 

Anous stolidus (Linnzus), 197. ! Barracudas, Borneo, 268. 


Anthreptes griscigularis Tweed., 221. Bass, successful transference of black, into 
Anthus rufulus Vicillot, 113, 136, 219. : Philippines, 153. 
gustavi Swinh., 113. | Batrachostomus microrhynchus Grant, 136. 


Antipha punctata AIL, 223. | Baza magnirostris Gray, 197. 
Ants, 69, 71; Philippine, 121; relation of, | BEAN, ROBERT BENNETT, III. Filtpino 
to lycenid chrysalids, 74. Types: Racial Anatomy in Taytay. (B). 
Aphana, 37. The Women, 1; Paleolithie Man in the 
farinosa Spin., 37. Philippines. Homo Philippinensis, 27; 
farinosa Weber, 37. Filipino Ears, II: Ears from Malecon 
saundersii Walk., 37. E | Morgue, 191. 
Apbana farinosa Burm., 37. | Belonid:s, 267. 
farinosa Weber, 37. ! Birds, additional notes on, from northern 
1 scutellaris White, 37. i Mindanao, 197; collected in Polillo, 103; 
Aphanaria, 37. from northern Luzon and islands of Sab- 
Aplocblora, 176. tan and Dalupfrl, 219. 
viridis Warren, 176. ; Black bass, apparatus used in transporting, 
vivilaca Walk., 176. | to the Philippines, 153; successful trans- 
Apogonia lutea Moser, 188. terence of, into Philippines, 153; where 


metallescens Moser, 186. 
nigrobrunnea Moser, 187, Black lip pearl oyster, 88. 
rugipennis Moser; 189. Blenina, 173. 
viridana Moser, 187. donans Walk, 173. 
Aphrophorin, 49. quinarla Moore, 173. 
Apogonichthyidm, 274. Dlepharida manilensis Welse, 142. 
Arctia horsfieldii Saund., 169. Boarmiinæ, 176. 
Arctiidæ, 164, 169. Boiga angulata (Peters), 213. 


secured, 153. 


Ardeide, 107. cynodon (Boie), 213. 
Aronaria interpres (Linnæus), 106, H dendrophila (Boie), 214. 
Arhopala amantes Hewits., 76. | Bolbopsittacus lunulatus (Scop.), 221. . 
Arlus argyropleuron (Kuhl and Van Has- Bombyx mori Linn., 131, 

selt), 266. H spinula Esp., 171. 

sagor Hamilton, 266. BOOK REVIEWS: 

Artamide, 112. " Check-list of North American Birds, 
Artamides striatus ( Boddaert), 111, 221. 1 313. 
Artamus leucorynchus (Linnus), 112, 220. Smith, Harold Hamel. Aigrettes and 
Asopia pictalis Curt., 179. Birdskins. The Truth about Their 
Aspidimerus tristis Weise, 231. | Collection and Export, 337.” 
Aspidomopha miliaris Fabr., 143. | Borneo fishes, 263 ; barracudas, 268 ; butter- 
Assamia dentata Buckt., 29. : fishes or pomfrets, 269; butterfly-fishes, 


Astra multimaculata Moser, 183, 283; cardinal fishes, 274; climbing 
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perches, 272 ; croakers, 277 ; cutlass-fishes, 
272; eastern spade-fishes, 282; eels, 265 ; 
ephippids, 282 ; flat-heads, 286 ; founders, 
ephippids, 282 ; flat-heads, 286 ; flounders, 
287 ; goat-fishes, 278 ; gobtes, 285 ; grunts, 
275; half-beaks and flying fishes, 267; 
kisugos, 279; kitings, 282; leaf-fishes, 
283; lizard Ashes, 264; mackerels, 270; 
minnows, 265; mullets, 268; one-spines, 
284; pampanos, 270; puffers, poison 
fishes, 284; ring-fishes, 282; scorpian- 
fishes, 286; scorpids, 282; sea-basses, 
274; sea-horses, 269; sharks, 263; si- 
gonids, 203; silversides, 268; sHp- 
mouths, 272; snappers, 275; sting-rays, 
264; tangs, 283; therapons, 275; thread- 
fins, 269; three-spines, 280 ; urasse-fishes, 
281. a 
Botys Hcarsisalis Walk., 180. 
Brachilia acronyctoides Moore, 168, 
Brachypteryx poliogyna Grant, 137, 138. 
Brumus sutturalis Fabr., 148, 
Bubuleus eöromandus (Boddaert), 107, 220. 
Bucerotide, 110. 
Budytes leucostriatus Homeyer, 113. 
Butastur indicus Gmelin}, 108. 
Butorides javanica (Ilorsfield), 107. 
Butterfishes or Pomfrets, Borneo, 269. 
Butterfly-fishes, Borneo, 283. 
Buzzard, migration of Tic-Wee, 199. 
Rythoscopus blarcuatus, unilineatus, uuifas- 
» eia, Walk., 51. 
ferrugineus Walk., 51. 
malayus Stal, 51. 
C 
Cacatua bæmaturopygia (P. L. S. Müller), 
108. 
Cacatuidæ, 108. 
Cacomantis merulinus (Scopoli), 136. 
Cadra defectella Walk., 177. 
Calduba obdenta Walk., 173. 
Calidris leucophæa (Pallas), 107. 
Callisitta mesoleuca (Grant), 137. 
Camponotus (Colobopsis) vitreus Smith, 127. 
(Colobopsis) pubescens Mayr, 
121. 
femoratus Fabr., 73. 
horrens Forel, 127. 
maculatus Fabr. subsp. pallidus 
Sm., 127. 
maculatus Fabr. subsp. 
dus Em., 127. 
meschi Forel, 129. 
pandava Horsf., 70. 
quadrisectus Sm., 72, 127. 
rubripes Drury, 69. 
Campopbagide, 111. 
Canthelea, 178. 
zgnusalis Walk., 178. X 
Carangide, 270. 
Caranx brevis Bleeker, 271." 
ira (Cuv. and Val.), 271. 
secfasciatus (Quoy and .Gaimard), 
~ 270. 
speciosus (Forskäl), 270. 3 


subnu- 
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Carcharilde, 263. d 

Cardinal fishes, Borneo, 274. 

Cataclysme, 176. , 
conturbata Walk., 176. 
conturbata Hamps., 176. 
riguata Hübn., 176. 

Caterpillars, myrmecophily of, 69.- æ 

Catoehrysops cnejus Fabr., 69. 

Celama, 170. 

bifascialis Walk., 170, 
tzniata Hamps., 170. 
taniata Snell, 170. 
Cell, polyscopic, 79. 2: 
Centromeria, 39. 
longipennis Walk., 39. 
Centropus unirufüs (Cabanis and 
111. + 
viridis (Scopoli),-111, 

Centrotinw, 47. B 

| Centrotus dama Germ., 47. 

1 rupicapra Fabr., 48. 
taurus Fabr., 48. 
terminalis Walk., 48. 
vicarius Walk., 48. 

Cephalophoneus validirostris (Grant), 137. 

Cephaloxys hemelytra Sign., 36. 

tersichore Walk., 35. 

Cephonedes, 167, 

bylas Linn., 167. 
titan Rothsch., 167. 

Cercopidm, 49. 

Cercoping, 50. * 

Cercopis inclusa Walk., 50. 

Cerynia, 45. 

albata Stål, 45. 
lutescens Melich., 45.. 
maria Stål, 45. , 

marla White, 45. i 

Cerynlaria, 45. 

Ceyx melanura Kaup, 110. 

| Chætodon adiergastos Seale, 116. 

: carens Seale, 115. 

p occellatus Bleeker, 283. 

Chetodontide, 283, T 

Chaimarrornis bicolor Grant, 136. 

Chalcophaps indica (Liunzus), 108. 

Charadriide, 106. 

| Charadrius fulvus Gmelin, 106. 

_Charcharlas borneensis Seale, 263. 

Chilades, 166. 

Jaius Cram., 166. 
putli Moore, 166. 

t trochilus Freyer, 166. 

] trochilus de Nicev., 166. 

! Chilocorus cerberus Muls., 148. 

! Chilomenes sexmaculatus Fabr., 148, 

Chærodon oligacanthus (Bleeker), 281. 

` Chrochiphora, 180. 

i testulalls Hübn., 180. 

| Chrysalis, myrmecophilous Lycenid, from 

the Phitippines, 73. * 
Chrysocolaptes hzmatribon (Wagler), 
136. 

| Chrysomela bifasctata Hornst., 226. 

| Chrysomeliden, 139, 223. 

‚ Chrysopelea ornata (Shaw), 214. 


Heine), 


111, 
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Chrysopera, 174. 
combinans Hamps., 174. 
combinans Walk., 174. 
Cicada conica Germ., 36. 
farinosa Weber, 37. 
maunifera Linn., 35. 
„quadrituberculata Sign., 34. 
sanguinea De Geer, 36. 
sanguinolenta Oliv., 36. - 
virescens Oliv., 35. 
Cicadaria, 34. 
Cteadidæ, 33. 
Cicadin®, 33. 
Clconiide, 107. 
Cinnyris henkei Meyer, 220. 
jugularis (Linneus), 113. 
sperata (Linnzus), 113. 
Citula armatus (Forskäl), 272. 
Cisticola exilis (Vigors and Horsfleld), 136. 
Cixius pustulatus Walk., 39. 
Cleortna philippinengis Jac., 223. 
Clettharra, 173. 
albonotata lamps. 173. 
Climbing perches, Dorneo, 274. 
Clovia, 49, 
bigoti Sign., 49. 
conifer Walk., 49. 
Trenulata Stå!, 49. 
vittifrons Stål, 49. 
Clupeidm, 264. 
Cnecodes suturalis Motsch., 141. 
Coceineltiden, 223, 229, 
Coelophera octopunctata Weise, 229. 
sexguttata Weise, 230. 
Colasposoma, 140. 
Coleoptera, verzeichniss von coleopteren aus 
den Philippinen, ete., 139. j 
lamellicornia, neue, von den Phil- 
ippinen, 183. 
Collocalia, 103, 136. 
fuciphaga (Thunb.), 221. 
marginata Salvadori, 110. 
troglodytes Gray, 220. 
whiteheadi Grant, 138. 
Columbidz, 105. 
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Cremastogaster subnuda Mayr, subsp, poli- 
tula Forel, var. tagala, 
124. 

Crioceria 4-notata Fabr., 226. 


, Crioceris semipunctata Fabr., 139. 


Croakers, Borneo, 277. 


| Cryptogonus orbicuius Gyllh., 148. 
; Cryptolopha nigrorum Moseley, 136, 128. 


Cryptotympana, 24, 
pustulata Fabr., 34. 
? vurleolor Dist., 34. 
Cuculide, 111. 
Culicicapa ceylonensis (Swainson), 136. 
Curgia, 172, 
honagrica Walk., 172. 


: Cutlass-fishes, Borneo, 272. 


; Cynorta 


Cyclocorus lineatus (Reinhardt), 211. 

Cynoglorsus borneeusis (Bleeker), 288. 
kapwasensis Fowler, 288. 
macrolepidotus Bleeker, 288. 

vifrons Duviv., 224. 

citrina Jac., 224. 

longicornis Weise, 224. 

quadriplagiata Weise, 225. 


; Cyornis philippinensis Sharpe, 141, 220, 


Cyprinidae, 265. 
D 


Dactylispa cladophora Guer.. 146. 


` Dada, 46. 


puncticlava Banks, 46. 


; Dalupiri, birds from island of, 219. 
i Darzntasia, 170. 


cuneiplena Walk., 170. 


: Dasyatidæ, 264. 


Dasyatis kuhli (Müller aud Henle), 264. 
Dasychira, 169. 

horsfield! Hamps., 169. 

horsfleldi Saund., 169. 

pudibunda Linn., 169, 
Dasylophus, 221. 

superetliosus (Cuvier), 111. 
Davao, quantity of pearl shell taken from, 

89. 


: Deilemera, 164, 


Contributions to lepidopterous fauna of the 


Philippines, 161. 
Coraciide, 109. 
Corone philippina (Bp.), 114, 220. 
, Corvide, 114. 
Corynodes indagaceus Chevr., 140. 
Cosmopsaltria, 35. 
doryca Boisd., 35. 
inermis Stäl, 35. 
Cosmoscarta, 50. 
heros Fabr., 50. 
inclusa Butl., 50. 
inclusa Walk., 50. 
Cossid®, 168. 
Cremastogaster deformis Sm., 124. 
" modiglianli Emery, var. clem- 
ense, 125. 
rogenhofferi Mayr., 124. 
simoni Emery, 124. 


evergista Stoll, 164. 
gratia Schultze, 164. 

Demigretta sacra (Gmelin), 107. 

Dendrelaphis cweruleatus Griffin, 213. 

Dendrophis pietus (Gmelin), 213. 

Derbe maesta Westw., 39. 

Derbinz, 39, 

Diaenmma rugosum LeGuill. subsp. geome- 
trieum Sm. var, viridipurpurea Emery, 
122. 

Diatomace:e, 93. 

Diewide, 113. 

Dieeum xanthopygium Tweeddale, 113. 

pygmæum {Kittlitz}, 113, 220, 

Dieruridz, 113. 

Dicrurus, 221, 

balicassius (Linn@us), 113. 
Dictyopharinz, 38. 
Dictyophora, 38. 


INDEX. 


Dictyophora ? albivitta Atkins, 38. 

albtviita Walk., 38. 

despecta Waik., 38. 

europa Linn., 38. 

bastata Melich,, 28. 

lepthorina Walk., 38. 

pallida Atkins, 38. 

pallida Don., 38. 

percarinata Kirby, 38. 
Dissection work, a new accessory for, 131. 
Dissöura episcopus ( Boddaert), 107. 
DISTANT, W. L., Rhynchota Philippinensia, 

Part I, 57. 

Dolichoderus bitubereulatus Mayr, 127. 

patens Mayr subsp, pubiventris 


Emery, 127. 
Donacia wiepkeni Ws., 139. 
hordura, 175. 
aliena Hamps., 175. i 
aliena Walk., 175. : 
Drepane punctata (Gmelin), 282. d 
Drepanide, 282. 
Dryophis prasinus Boie; 214. ' 
Dundubiaria, 34. ] 
pundubia, 35. 
` mannifera Linu., 35. 
mannifera Stål, 35. 
quadrituberculata Walk., 34. 
n vaginata Amy. et Lew., 35. 
Dysgonia tincta Hamps., 175. 
Dysphania, 177. 
palmyra Stoll, 177. | 
palmyra Swinh., 177. 


E d 
Earias, 170. ` | 
elorana Linn., 170. 
frondosana Walk., 170. 
grossypii Frauenf., 170. 
insulana Boisd., 170. i 
insulana Rogenb., 170. Í 
insulana Swinh., 170, 
siliquana Stainton, 170. 
stmillima Walk., 170. 
smardinana Zell., 170. 
tristrigosa Butl., 170. 
Ears, from Malecon Morgue, 191. 
Eastern spade-fishes, Borneo, 282. 
Echinopla striata Smith, 128. " 
EDITORIALS: ] 
An Interesting Oceurrence with Sticky 
Grass: Eragrostis Viscosa Trin., 85. 
A method of using Magnesium Sulphate 
for the Anwsthetization of Marine 
Animals, 86. 
Eels, Borneo, 265. 
Egretta garzetta (Linnwus), 107. 
Elaphe erythrura (Dumerll and 
213. 
Endotricha, 178. 
flammealis Schiff., 178. 
. puncticostalis Walk., 178. 
Endotrichine, 178. 


Bibron), 
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Enmonodia, 175. 
hypopyroides Walk., 175. 
pudens Butl., 175. 
pudens Watk., 175. 
Ephestia cautella Hamps., 177. 
Ephippide, 282. i 
Ephipplds, Borneo, 282. 
Ephippus orbis (Bloch), 282. 
Epieroeis mgnusalis Hamps., 178. 
Epilachna pusillanima Muls., 146. 
vigintiocto-punctata Fabr., 146. 
Epinephelus sexfasciatus (Cuv. and Val.), 
215. 


1 
Epiplemidie, 175. 


Equula ruconia (Hamilton) 
Equulide, 272. 
Eragrostis viscosa Trim, 85, 
Ercheia, 174. 
eyltarla Cram., 174. , . 
tyllota Guen., 174. 
cillotà Moore, 174. 
Erystus banksi Weise, 226. 


, 272. 


| Eublemma, 172. 


angulifera Hamps., 172. 
respersa Hübn., 172, 
versivolor Walk., 172. 
versicolor Swinh., 172. 


Euelatichthys crassispinus (Rüppel), 276. 


Eugoa multipuncta Hamps., 169, 

Eumyias nigrimentalis (Grant), 136, 133. 

Euplotes worcesteri, 291-336; bristles of, 
sensory, 302 ; cirri of, 299; cirri of, new, 
328; contractile vacuole of, 306 ; develop- 
ment of the new peristome in, 324; divi- 
sion in, 315; division of the body in, 
332; division of micronucleus in, 822; 
eetosarc of, 303; endosare of, 305; eges- 
tion in, 305; ingestion in, 305; meganu- 
cleus in, reconstruction of, 316; membra- 
uelle of, 298; micronucleus Pn, division 
of, 322; mouth of, 294; nuclei of, 307 ; 
pellicle of, 303; peristome of, new, 324; 
pharynx of, 294; reconstruction of mega- 
nucleus In, 316 ; sensory bristles of, 302, 
331; structure of, 291; systematic posi- 
tion of, 209. 


; Eupterotida, 162. 


Eurystomus orientalis (Linniweus), 109, 220. 


; Fuschema pahinyra Hübn., 177. 


transversa Moore, 177. 
Everes comyntas Godt., 71. 
Exoedetide, 267. 


Faléonidm, 108. 
Fauna, Jepidopterus, of the Philippines, 161. 


| Faventia, 39. 


pustulata Stal, 39. 
pustulata Walk., 39. 


| Fidicina confinis, Walk., 35. 


Filipino ears, II, 191. 
Filipino types: racial anatomy in Taytay. 
(B) The Women, 1. 
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Fish, care given, eu route to the Philippines, 
153-155; disposition of, upon arrival in 
Manila, 155 ; mosquito-eating fish at Hon- 
olulu, 155; transference of black bass 
to the Philippines, 154. 

Fishes, of Borneo, 263; four 
Bantayan Island, 115. 

Fishery, pearl, of Bantayan, 
of the Philippine Islands, 

Flatheads, Borneo, 286. 

Flatine, 45. 

Flatoides fumosus Walk., 45. 

speculum Walk., 44. 
tenebrosus et perforatus Walk., 44. 
Flatoidesaria, 47. . 
Flatta completa Walk., 45. 
lyrata Burm., 38. 
maria Walk., 45. 
tenella Walk., 45. 

Flounders, Borneo, 287. 

Fourmis des Philippines, 121. 

Fulgora graminea Fabr., 38. 

Pallida Don., 38. 

Fulgoridz, 37. 

Fulgorine, 37. 

Fundulus heteroclitus (Linn.), 355. 


G 


new fishes from 


149 ; resources, 
89. 


Granite, 36. 
Gallinago megaia Swinhoe, 107. 
Galleruca bifasciata Fabr., 226, 
4-notata Oliv., 226. 
Gallus gallus (Linnwus), 104. 
Gambusia' affinis (D. and G.), 155. 
Gargara, 48. 
genistæ Fabr., 48, 
pygmea Walk., 48. 
Gargaria, 48. 
Gargetta, 168. 
costigera Walk., 168. 
Gasterotokeus biaculeatus Bloch, 269, 
Gazza minuta (Bloch), 272. 
Gelechiin®, 165. 
Gennadius stoli (Day), 286. 
Geometride, 165, 176. 
Geometrin®, 177. 
Gerride, 277. 
Glossogobius aglestes Jordan and Seale, 286. 
Glottis nebularius (Gunnerus), 107, 
Gnatholipls callurus Jordan and Seale, 285. 
Goat-fishes, Borneo, 278. 
Gobies, Borneo, 285. 
Gobiidz, 285. 
Gold lip pearl oyster, 88. 
Graphiphora o-nigrum Steph., 171. 
Grass, an interesting oceurrence with sticky, 
35. n 
GRIFFIN, LAWRENCE E. Editorial: A 
Method of Using Magnesium Sulphate for 
the Anaesthetization of Marine Animals, 
86; The Pearl Fishery of Bantayan, 149; 
A List of Snakes from the Island of Po- 
lillo, P. L, with Descriptions of a New 
Genus and Two New Spectes, 211; Euplo- 
tes Worcesteri sp. nov. I. Structure, 291; 


INDEX. 


11. Divi- 


Euptotes Worcesteri sp. nov. 
sion, 315. 
Grunts, Borneo, 275. 
Gyrtona, 173. 
hylusalis Walk., 173. 
lapidaria Walk., 173. 


H 


Hentulide, 276. 
Haleyon chloris (Boddaert), 110. 
gularis (Kuhl), 110. 
lindsayi (Vig.), 220. 
Half-beaks and flying fishes, Borneo, 267. 
Haliastur Intermedius Gurney, 108. 
Hamodes, 175. 
aurantiaca Guen., 175. 
aurantiaca Hiamps., 175. 
attacicola Swinh., 175. 
dieistriga Moore, 175. 
propitia Guen., 175. 
Haplonodon, 211. 
philippinensis Griffin, 212. 
Haplosonyx ?smaragdipennis Chevr., 141. 
Harmonia octo-maculata Fabr., 147. 
Helodromas ochropus (Linneus), 107. 
Hemibungarus, 211. 
Hemichelidon griseosticta Swinhoe, 111. 
Hemirhamphus gaimardi (Cuv. and Val.), 
267. 
Hemisphierius, 417 
parenthesis Banks, 41. 
stali Ranks, 43. 
transfasciatus Banks, 42. 
trimaculatus Banks, 43. 
Herodias timorionsis (Lesson), 197. 
Hepatidm, 283. , 
Hepatus matoides (Cuv. and Val), 283. 
Hesperidz, 167. 
Heteractitis brevipes (Vieillot), 107. 
ileteraspis billardierl Crotch, 148. 
Heterocera, 167. 
Hippocampus kuda Hleeker, 269. 
Hirundinida, 111 
Hirundo gutturalis Scopoli, 111. 
striolata (Bole), 135. 
Hisha xanthoptera Bleeker, 264. 
Holutburians, dried, exported from Ranta- 
yan, 151; value of, 151. 
Homo heidelbergensis, 27.. 
phitippinensis, 27. 
Honiesoma derasella Swinb., 178. 
gratella Walk., 178. 


; Homoptera, 33, 


Honolulu, cost of introducing fish at, 157; 
mosquito-eating fish at, 155; success of 
venture at, 157. 

Hoplasoma philippinensis Jac., 140. 

Hoplia maculifera Moser, 185. 

philippinensis Moser, 184. 
Horornis secbohmi (Grant), 137, 138. 
Huechys, 36. 

sanguinea Amy. et Serv., 36. 
sanguinea De Geer, 36. 
Huechysaria, 36, 


INDEX, 


}urria rhynchops (Schneider), 213. 
Hypewtra, 174. 
E aliena Walk., 175. 
bubo Hübn., 174. x 
bubo tamps., 174. 
noetuides Guen., 174. 
Hydrocampinz, 179. 
Hytoterpe albiventris Grant, 137, 
Hypernaria di 
Hyperperissa, 165. 
aurantiaca Semper, 16 
a pulchella Schultze, 165. 
Hypopyra grandæva Feld., 175. 
persimilis Moore, 175. 
pudens Walk., 175. " 
Hyputienidta torquata (Linmeus), 105. 
Hypothymis occlpitalis (Vigors), 111. 


r 
lole, 221. 

gularis (Pucheran), 112, 136, 
Irena cyanogastra Vigors, 112, 
istand of Bantayan, four new species of 

fishes from, 115; situation of, 149. 

Island of Dalupirl, birds from, 219. 
Island of Sabtan, birds from, 219. 
Island of Polillo, 103; snakes from, 211, 


220, 
striga Moore, 175. 


138, 221. 


J 
Jada, 39. 
maculipennis Banks, 39, 
nitagalensis Dist., 20. 
idee, 50. 
Jassinz, 51. 
Jassus, 52. 
elegans Dist., 52. 
nervosus Fubr., 52. 
Jassusarla, 52. 
Jivatina, 41. 
metallica Dist., 41. 
triangulata Banks., 41. 
Johnius borneensis (Bleeker), 279, 
vogleri Bleeker, 280. 


K 
Kitings, Borneo, 282. 
Kisuxos, Borneo, 281. 
Kittacinela, 221. 
luzontensis (Kittlitz.), 220. 
parvimaculata McGregor, 112. 
Kolla, 51. 
insignis Dist., 51. 
tripunctifrons Banks, 5t. 


L 


Labriđæ, 281. 
Laccoptera fallax Weise, 145. 
insulana Weise, 145. 
manilensis Welse, 144. 
Lactarius (Bloch and Schneider), 270. 
Lalage niger (Forster), 111. 
Lamprocorax panayensis (Scopoli), 114. 
Lanitde, 112. 
Laridm, 106. 
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Larentia conturbata Walk., 176. 
Larentiine, 165, 176. 
Lasiocampid:e, 168. 

Lates calearifer (Bloch), 275. 
Leaf-üshes, Borneo, 283. 
Lebeda plagifera Walk., 168. 
Ledrinz, 50. 


i Leiognathus blochti Cuv. and Val., 273, 


caballa (Cuv. and Vul.), 273. 
edentulus Bloch, 273. 
splendens (Cuvier), 273 
Leis dimidiata Fabr., 232. 
duntopi Crotch., 232. 
Lema semperi Jac., 139. 
Lepidiota eorpulenta Moser, 185. 
Lepidoptera, contributions to the lepidop- 
terous fauna of the Philippines, 161; new 
Philippine, 161; species of, hitherto unre- 
corded from the Philippines, 166. 
Lepidopterous fauna, contributions to, of the 
Philippines, 161. 
Leptobelus, 47. 
dama Germ., 47. 
dama Stal, 47. 
Leptocentraria, 48. 
Leptocentrus, 48. 
gazella Rukt., 48. 
taurus Fabr., 48. 
taurus Stal, 48. 
Leptopsaltria, 34. 
quadrituberculata Sign., 34. 
quadrituberculata Stal., 34. 
tuberosa Sign., 34. 


' Lethrinus amboinensis Bleeker, 277; 


Leucania, 172. 
inframicans Hamps., 172. 
nigrilinea Leech, 172. 


; Leucotreron leclancheri (Dp.), 220, 


marchei (Oustalet), 105. 
Lichtensteinipieus funebris (Valenciennes), 
111, 
Limacodid:e, 168. 
Literature, LIT, 
203. 


Philippine ornithological, 


' Lithosiinw, 164, 169. 


Liza ceruleomaculatus (Lacépède), 268. 
Lizard fishes, Borneo, 264, 
Lomotropa, 179. 
g costiflexalis Guen., 179. 
costiflexalis Led., 179, 
Lophopinæ, 40. 


Lophotriorehis kieniri (Geoffroy St. Hil- 
laire), 197. 
Loriculus pbilippensis (P. L. S, Müller), 


109, 221. 
Lutera, 262. 
nigromaculata Ohs., 230, 262. 


; Lutianidz, 275. 
| Lutianus erythropterus Bloch, 275. 


fulvifflamma (Forskäl), 275. 

vitta (Quoy and Gaimard), 275. 
Luzon, birds, from northern, 219. 
Lycæna argyrognomon Bergstr., 71. 

elna Hetwits., 186. 
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Lyemna gaika Trimen, 166. 
pseudargiolus Boisd., 70. 
putli Kollar, 166. 
trochilus Freyer, 166. 
Lycenid larve, ant-attracting organs of, 69; 
secreting pores of, 70. 
Lycmnide, 161, 166. 
Lyclene semifascia Moore, 170. 
Lymantriide, 162, 169. 
Lystra farinosa Fabr., 37. 


M 
Maceda, 173. 
discalis Walk., 173. 
mansueta Moore, 173. 
mansueta Walk., 173. 
Machzerota, 49. 
ensifera Burm., 49. 
Machærotinæ, 49. 
Mackerels, Borneo, 270. 


INDEX, 


Microcossus, 180. 
mackwoodii Moore, 180. 


Micropodidze, 110. 


' Mieropus pacificus (Latham), 219. 


Macronota luctuosa Voll, subsp. palawanica, . 


183. 
Macropygia tenuirostris Bonaparte, 105, 220. 


Magnesium sulphate, a method of using, for ' 


the anesthetization of marine animals, 86. 

Malata, 253, 260. 

thoracica Ohs., 253, 260. 

Malecon Morgue, ears from, 191. 

Mallienesla latipinna La S$., 155. 

Man, Paleolithie, in the Philippines, 

Mandesa, 49. 

amplificata Dist., 49. 
vittifrons Stal, 49. 
. Manoba, 168. 
fractilinea Snell. 169. 
implens Walk., 169. 
Mareca penelope (Linnzus), 197. 
Margaritifera margaritifera (Linneus), 88. 
maxima Jamson, 88. 
vulgaris Schum., 95. 

Margaroniine, 179. 

Marine animals, avesthetization of, by mag- 
nesium sulphate, 86. ` 

Maruca testulalis Moore, 180. 

MCGREGOR, RICHARD C., Birds from Pa- 
uai and Mount Pulog, Subprovince of 
Benguet, Luzon, 135 ; Additional Noles on 
Birds from Northern Mindanao, Philip- 
pine Islands, 197; Note on the Migration 
of the Tic-Wee Buzzard in the Philippine 
Islands, 199; Philippine Ornithological 
Literature, IIT, 203; Birds from the Coast 
of Northern Luzon and from the Islands 
of Sabtan and Datupiri, 219. 

Megapodiide, 104. 

Megapodius cumingi Dillwyn, 104. 

Membraclide, 47. 

Membracis rupicapra Fabr., 48. 

taurus Fabr., 48. 
tricornis Hardw., 48, 

Menippus viridis Duvivier, 141. 

Mestleta angulifera Moore, 172. 

Metriona manilensis Weise, 229. 

trivittata Fabr., 146. 

Micreunaria, 47. 

Microbuglossus humilis (Cantor), 


21. 


287. 


Microscopical accessory, 79. 
Micropterus salmoides (Lacépédey, 152. 
Migration of the Tic-wee Buzzard in 
Philippine Islands, 199. 
Miltochrista, 170. 
minlata Forst, 170. 
semifasciata Hamps., ITO. 
semifasela Walk., 170. 
Mimela, 252. 
blumei Hope, 260. 
maculicollis Ob: 
palawana Ohs., 252 
Mindanao, additional notes on birds from 
northern, 197. 
Minnows, Borneo, 265. 
Mogannia, 36. 
conica Germ., 36. 
conica Stal, 36. 
histrionica Uhler., 36. 
illustrata Amy, et Sew., 36. 
indicans, ignifera ct avicula Walk., 
36. 
vecta Walk., 36, 
terpsichore Atkins, 35. 
venutissima Stal, 
Moganniarla, 36. 
Mogarras, Borneo, 
Monocanthidın, 281. 


| Monocanthus chinensis (Bloch), 284. 


Monodactylus argentus (Linneus), 282. 
Monolepta bifasciata IIornst., 225. 
(Candezea) bifoveolata Weise., 
141. 
rubrosignata Robem., 228. 
Monemorium (Martia) banksi Forel, 123. 
s floricola Jerdon, var. philippi- 
nensis, 123. 
(Martia) orlentalis Mayr, 123. 
Monotaxis, 164, 
montanus Schultze, 164. 
trimaculata Hamps., 164, 
Morgue, ears from Malecon, 191. 
MOSER, J., Neue Coleoptera Lamellicornia 
Von Den Philippinen. 183. 
Mosquito-eating fish, 155. 
Motacilla melanope Pallas, 313. 
Motacillidz, 113. 
Mullets, Borneo, 268. 
Mullidæ, 278. 
Munia cabanisi Sharpe, 136, 220. 
jagori Martens, 113, 219. 
Murenesoclde, 265. 
Mursenesox cinereus (Forskäl), 265. 
Mugil belanak Bleeker, 268. 
Mugtlide, 268. 


Muscadivores chalybura (Bonaparte), 105. 


Muscicapula luzonlensis Grant, 136. 


westermanni Sharpe, 136. 
Muscicapulidie, 111. 
Musotima, 179, 
anlucalis Feld, 179. 
suffusalis Hamps., 179. 


~ INDEX. 


Myelois bractiatella Walk., 179. 

Myristieivora bicolor (Scopoli), 105. 

Myrmecophilous LyGenid Chrysalis from the 
Philippines, 73. 

Myrmecophily of Caterpillars of Catochry- 
sops euejus Fabr., 69. 


N 


Nagoda, 168. 
nigricans Moore, 168. 

Nannocnus eurhythmus (Swinhoe), 107. 

Natrix spilogaster Boie, 211. 

Nectariniidie, 113, 

Nemipterus upeneoldes {Blecker}, 275. 

Nepbesa, 46. 

rosea Spin., 46. 
rosea Amy. et Serv., AQ. 

Nephopteryx, 178. 

«lientella Zell., 178. 
proximalis Walk., 178. 
syntaractis Turn., 178. 

New genus of snakes, from Island of Po- 
lillo, 211. 

New lepidoptera, 161. 

New species, of snakes, from Isiand of Po- 
lillo, 211 ; four, of fishes of Borneo, 263; 
four, of fishes from Bantayan Island, 
115. 

Ninox philippinensis Bonaparte, 108. 

Noctua e-nigrum Schiff., 171. 

segetum Schiff., 171. 
suffusa Fabr., 171. 
ypsilon Rott., 171. 

Noctuidie, 171. 

Nola tæniata Snell., 170. 

Nolinæ, 170. 

Note on the migration of the Tic-wee Buz- 
zard in tbe Philippine Islands, 199, 

Notes, 
Mindanao, 197. 

Notodontidæ, 168. 

Nunienes, 162. 

insolita Schullze, 162. 

Numenius variegatus (Scopoli), 106. 

Nycteolinz, 170, 

Nyeticorax manillensis Vigors, 107. 

Nyctipao, 174. 

crepuscularis Linn., 174. 
stringipennis Moore, 174. 
Nymphula, 179. 
nympheta Linn., 179. 
turbata Butl., 179. 


o 


Octbodromus geotfroyi (Wagler), 106. 
mongolus (Pallas), 106. 
Odonestis, 168. 
plagifera Walk., 168. 
plagifera Hamps., 168. 
Odontomachus banksi Forel, 121. 
infandus Sm., 122. 
Odontoponera transversa Sm., 122. 
(Fdicnemide, 107. 
OHAUS, FR. Die Ruteliden der Philip- 
pinischen Inseln, 233. 
Omphisa, 180. 
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' Pachyzancla liearsisalis Hamps., 180. 


additional, on Birds from northern : 


* 


347 
Omphisa anastomosalis Guen., 180. 
anastomosalis Hamps., 180, 
One-spines, Borneo, 284. 
Ophisma attacicola Walk., 145. 
Orhopala, 74. 
‘ Oriolide, 113. 
Oriolus acrorhynchus Vigors, 118, 220. 
| Ornithological literature, III, Philippine, 
| 203. 
Orphnophanes, 179. i 
: albisignalis Hamps., 179. 
eucerasalis Walk., 179. 
' Ortalia pusilla-miesta Ws., 232. 
Orthorhamphus magnirostris (Vieillot), 107. 
Orthosia sinens Walk., 171. 


- Ortbotomus chloronotus Grant, 220. 


Orudiza, 175. 
proteclaria Walk., 175, 
Orzonoba, 176. 
clelia Cram., 176. * 
clelia Moore, 176. 
Osmotreron axillaris (Bonaparte), 105, 220. 
Otolithus dolorosus Seale, 280, 
maculatus (Kuhi and Van Has- 
selt), 279. 
orientalis Seale, 281. 
Otomela lucionensis (Linnwus), 
Oxyurichthus eristatus (Day), 285. 
Oyster shell, price of, S9; quantity taken 
in one year from Davao pearl bed, 89, 


2. 


Paduka, 167. 
glandulosa Dist., 167. 
Palawan, Rhynchota Palawanica, 
33. 2 
Paleolithic man in the Philippines, 27; de- 
scription of, 28 ; discovery of, 21. 


Part II, 


j Pampanos, Borneo, 270. 


Papilionidæ, 167. 
Papilioninz, 167. 


| Papilio, 167. 


neptunus Guer., 167. 
priamus Linn., 167. 
xanthus Rothsch., 167. 
xuthus Bingham, 167. 
xuthus Linn., 167. 


| Parastasia, 261. 


canaliculata Westw., 261. 
confluens Westw., 261. 
discolor Westw., 261. 
indica Ohs., 262. 
nigriceps Westw., 262. 
nigroscutellata Ohs., 262. 
nonfriedi Ohs., 262. 
westwoodi Waterh., 
262. 
Pardaliparus elegans (Lesson), 137. 
Pearl fishing, laws relating to Philippine, 
94. 
Pearl fishery of Bantayan, 149. 
Pearl shells from Bantayan island, 150; 
location of, 150; value of, 150—151. . 
Pearling banks, Philippine, 90. 


ex Westw., 


, Pearling fleet of Zatnboanga, 89. 
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Pearl oyster, enemies of, 93; life history of, 
92; movements of, 93; transplanting and 
cultivating the Philippine, 94; varieties 
of Philippine, 88. 

Pearls, artificial production of, 97; com- 
position of, 95; determination and valu- 
ation of, 99; yield of, in Philippines, 95. 

Pearls and pear! fisheries, Philippine, 87. 

Pelargopsis giganiea Walden, 109. 

Pempelia cautella Walk., 177. 

Penelopides subnigra McGregor, 110. 

Pericrocotus cinereus Lafresneye, 111. 

Perigonia testacea Walk., 167. 

Peristeride, 106. 

Pernis ptilorhyncus (Temminck), 108. 

Petalocephala, 50. 

philippina Stål, 50. 

Petrophila manillensis (J. R. Forster), 112. 

Phalæna, 177, 171. 

clelia Cram., 176. 
Phapitreron amethystina Bonaparte, 105. 
leucotis (Temm.), 220. 

Phasianide, 104. 

Pheidologeton diversus Jerdon, 123. 

Phenice, 39. 
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